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Abstract 
Biofuels are regarded as one of the major low-carbon energy options currently available for large-scale use. Many 
countries have implemented biofuel programs that involve blending of bioethanol with gasoline, or biodiesel with 
diesel, at varying proportions. These programs are designed to address pressing concerns such as climate change, 
environmental quality, energy security and rural development. However, recent works suggest that biofuel resources 
may be at risk due to aberrant climatic events that are anticipated in the near future. Potential climate-induced 
disruptions include changes in precipitation levels, pest infestation, plant diseases, or increased frequency of extreme 
weather events. The incidence of such disruptions not only affects biofuel producers, but also energy-dependent 
economic sectors, resulting to “ripple effects” that further increase economic losses. We apply the inoperability input-
output model (IIM) proposed by Haimes and Jiang (2001) and later enhanced by Santos and Haimes (2004) to assess 
the economic effects of implementing mandatory biodiesel blending programs in the Philippines. The IIM is based on 
the well-established technique of input-output analysis that quantifies risk through the inoperability metric, which is a 
dimensionless index whose value ranges from 0 (for a system functioning normally) to 1 (for a system in a state of 
total failure). Using the IIM, we determine the adverse effects of climate-induced biofuel disruptions on 
interdependent economic sectors. We estimate the resulting crop losses using the storm damage scenario from 
Stromberg et al. (2011) under no blending and a proposed blending rate of 5% as considered by the Department of 
Energy. Different ranking strategies are evaluated to determine sector vulnerability using inoperability levels, 
economic losses and weighted inoperability levels. For the latter scenario, equal weights are considered. Uncertainties 
within the modelling framework are captured through the use of fuzzy numbers. 
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The use of biofuels is one strategy which can help reduce the generation of greenhouse gases. Because 
of this, several countries have mandated the blending of fuels such as biodiesel with diesel and bioethanol 
with gasoline, in different proportions. However, the main feedstock for the large scale production of 
biofuels is sourced from agricultural products which are affected by the onset of extreme weather events 
resulting from climate change. With an increased reliance on agricultural feedstock, climate change 
induced disruptions will affect not only the agriculture sector but also other energy-dependent sectors 
resulting in increased economic losses and system inoperabilities. It is thus important to analyze the effect 
of climate change induced disasters on an economy upon the implementation of a biofuel policy. This will 
provide insights for the development of disaster risk management and recovery strategies as well as in the 
selection of the appropriate biofuel policy. The interdependence between economic sectors is best 
represented by the input-output framework and the inoperability input-output model (IIM) which will be 
discussed in Section 3.  A case study on the biofuel policy implementation in the Philippines is used to 
demonstrate the model. 
2. Problem Statement 
The implementation of a biofuel policy will modify the structure of an economic system by potentially 
increasing its reliance on the agricultural sector. The formal problem statement is that given an economic 
system characterized by the interdependency matrix (A*) resulting from the implementation of a biofuel 
policy, how should economic sectors be prioritized based on economic losses and inoperabilities caused 
by climate change induced disasters. 
3. Methodology 
The Inoperability Input – Output Model (IIM), which is an extension of the Leontief IO model [1], is 
utilized in this work to demonstrate the impact of storm damages in an economy implementing a biofuel 
program. The IIM defines inoperability as the “inability of a system to perform its intended function” [2]. 
It utilizes the parameter defined as inoperability, which is a dimensionless number ranging from 0 to 1, 
where 0 represents a fully functioning system and 1 corresponds to a system with total failure. The 
inoperability of an economic sector (q) results from an initial perturbation (c*), caused by a reduction in 
final demand due to a disruption such as a disaster. This perturbation propagates throughout the economic 
system due to the interdependencies (A*) between the economic sectors. Equation 1 describes the demand 
based IIM [2,3] indicating the relationship between the perturbation, inoperability and the 
interdependency matrix.  
 
q = A* q + c*          (1) 
4. Case Study 
The Biofuels Act of the Philippines (Republic Act 9367) was signed into law in the year 2007, 
mandating the utilization of at least 1% biodiesel blend and 5% bioethanol blend for all diesel and 
gasoline utilized in the country. Coconut is the main feedstock as coconut plantations make up 26% of the 
total agricultural land in the country [4].  This case study considers the impact caused by typhoons when 
no biofuel policy is implemented and if the proposed 5% coconut biodiesel blend [5] is implemented. 
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Table 1. Summary of Fuzzy Results for Economic Loss and Inoperability 
  Economic Loss 
(in Million Pesos) 
Inoperability 
(in %) 
No. Economic Sectors No Biodiesel 
Blend 
With 5% Biodiesel 
Blend 
No Biodiesel Blend With 5% Biodiesel 
Blend 
1 Coconut including copra 
making in the farm (273, 546, 819) (278, 556, 834) (1.004, 2.008, 3.013) 
(1.004, 2.008, 
3.013) 
2 
Agriculture, Fishery and 
Forestry except Coconut and 
copra making in farm 
(12.36, 24.71, 
37.08) (12.60, 25.20, 37.80) (0.002, 0.004, 0.006) 
(0.002, 0.004, 
0.006) 
3 Mining and Quarrying (1.90, 3.81, 5.71) (1.94, 3.87, 5.81) (0.005, 0.010, 0.015) (0.005, 0.010, 
0.015) 
4 
Production of Crude 
Coconut Oil, Copra Cake 
and Meal 
(0.06, 0.12, 0.18) (0.07, 0.14, 0. 21) (0.000, 0.000, 0.001) (0.000, 0.001, 
0.001) 
5 
Manufacture of Refined 
Coconut oil and Vegetable 
Oil 
(0.07, 0.14, 0.20) (0.11, 0.22, 0.33) (0.000, 0.001, 0.001) (0.000, 0.001, 
0.001) 
6 Petroleum Refineries including LPG (2.43, 4.86, 7.29) (2.47, 4.94, 7.40) (0.001, 0.002, 0.003) 
(0.001, 0.002, 
0.004) 
7 
Manufacture of asphalt, 
lubricant and miscellaneous 
products of petroleum and 
coal 
(0.13, 0.27, 0.40) (0.14, 0.27, 0.41) (0.001, 0.002, 0.002) (0.001, 0.002, 
0.002) 
8 All other manufacturing 
sectors (25, 50, 75) (25.50, 51.01, 76.51) (0.001, 0.002, 0.002) 
(0.001, 0.002, 
0.003) 
9 Construction (0.12, 0.24, 0.36) (0.12, 0.24, 0.36) (0.000, 0.000, 0.000) (0.000, 0.000, 
0.000) 
10 Electricity, Gas and Water (1.19, 2.38, 3.57) (1.20, 2.41, 3.61) (0.001, 0.001, 0.002) (0.001, 0.001, 
0.002) 
11 Transportation, Communication and Storage (4.40, 8.80, 13.20) (4.48, 8.96, 13.45) (0.001, 0.002, 0.003) 
(0.001, 0.002, 
0.003) 
12 Trade (3.72, 7.45, 11.17) (3.80, 7.61, 11.41) (0.000, 0.001, 0.001) (0.000, 0.001, 
0.001) 
13 Finance (1.17, 2.35, 3.52) (1.20, 2.40, 3.60) (0.000, 0.001, 0.001) (0.000, 0.001, 
0.001) 
14 Real Estate and Ownership 
of Dwellings (0.19, 0.38, 0.56) (0.19, 0.38, 0.56) (0.000, 0.000, 0.000) 
(0.000, 0.000, 
0.000) 
15 Private services (2.00, 3.97, 5.96) (2.04, 4.07, 6.11) (0.000, 0.001, 0.001) (0.000, 0.001, 
0.001) 
16 Government Services (0, 0, 0) (0, 0, 0) (0.000, 0.000, 0.000) (0.000, 0.000, 
0.000) 
 TOTAL (328, 655, 983) (334, 668, 1001) (1.017, 2.034, 3.052) (1.018, 2.035, 
3.053) 
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The Input-Output table of the Philippines for the year 2000 [6] aggregated into 16 sectors is utilized to 
generate the interdependency matrix (A*). A scenario considering the damage caused by increased wind 
speed due to typhoons is considered using a fuzzy percentage direct damage of (1, 2, 3) in the coconut 
sector [7] to account for impact uncertainties. The summary of the resulting economic losses and 
inoperability is given in Table 1. Results show that the ranking of economic sectors differs between no 
biodiesel blending and with biodiesel blending policy and also in terms of economic loss and 
inoperability. Using equal weighting between economic sectors and between economic loss and 
inoperability, the coconut sector ranks first while government services rank last in terms of prioritization. 
Furthermore, the implementation of the biofuel policy results in a one-step increase in priority for sectors 
4 and 5 from rank 15th to 14th and from 13th to 12th respectively.  A one-step decrease in priority for 
sectors 9 and 14 is also observed from 14th to 15th and from 12th to 13th respectively. There is also an 
observed 2% increase in economic loss and a 0.036% increase in over-all inoperability upon the 
implementation of the biofuel policy. Thus, the implementation of a biofuel policy will have both direct 
and indirect effects on economic sectors, the magnitude of which will depend on the economic structure 
of a country. These have to be considered in identifying optimal biofuel policies. 
5. Conclusions 
A fuzzy inoperability input-output model was used for analyzing the impact of climate induced 
disasters on an economy under the implementation of a biofuel policy. A 5% coconut biodiesel blend 
policy in the Philippines during the onset of a typhoon is used as a case study. Results show that IIM can 
provide insight on which economic sectors will be most affected by a particular disaster in terms of 
economic loss or inoperability. These two measures of system vulnerability can be integrated to yield an 
over-all ranking of the economic sectors using weights. Furthermore, the total economic loss and total 
inoperability are greater with the implementation of a biofuel policy.  Future work will focus on looking 
into the impact of simultaneous disaster scenarios and identifying strategies for improving the resilience 
of an economic system.  
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